 Poly(p-dioxanone-co-glycolide) (PDG) copolymers with high proportion of p-dioxanone (pDO) were synthesized by ring-opening polymerization of pDO and glycolide (GA) with stannous octoate-dodecanol as the initiator. The cooling crystallization and isothermal crystallization of PDG were studied by DSC and X-ray. The influence of copolymer composition on the crystallization behavior was discussed. With the increase of GA in the copolymer, the crystallinity of PDG was decreased firstly and then increased, but crystallization heat and crystallization speeds were weakened. The results provided guidance for determining copolymerization parameters and melt spinning of PDG.
INTRODUCTION
Poly(p-dioxanone) (PPDO) is a biodegradable poly(ether-ester) with good biocompatibility and mechanical properties. Comparison of poly(glycolide) (PGA), the presence of ether bonds in PPDO gives its greater flexibility [1, 2] . PPDO is now primarily used as an absorbable monofilament suture material, PDS suture, manufactured by Ethicon Inc in 1970s [3] . As we know, both Vicryl suture, made from 90꞉10 (w/w) copolymers of GA and lactide, and Dexon suture, made from PGA are available as braided constructions. Braided sutures will drag tissue and make tissue tear, and meanwhile it have the potential bacterial infection from the interstices of the braided structure [4] . On the other hand, PDS only loses half of their mechanical strength in about three weeks [5] . However, PPDO needs about 6 months to degrade completely in the body [6] . Copolymerization is an effective method of improving the properties and processability of materials by designing and controlling chain microstructure. To combine the excellent performances of PPDO and PGA, copolymers with high proportion pDO were synthesized by the 2 ) dissolved in toluene and dodecanol were added into the container under a nitrogen flow. Thereafter, toluene was removed under a vacuum below 100 Pa for 1 h. The polymerization was started by immersion of the reaction vessel in a thermostated silicon oil bath. After 24 h, the reaction vessel was taken out of the oil bath and product was extruded under nitrogen pressure. The PPDO was purified by precipitation from CHCl 3 solution with methanol and dried in vacuum. 
RESULTS AND DISCUSSION

Characterization of Copolymers
It was known that the melting point of PPDO was about 380 K and that of PGA was about 498 K. From the DSC curves of PDG, we could observe only one melting peak between 300 K and 500 K (Fig.1) . This result indicated partly that the copolymer of GA and pDO obtained was random copolymer. The T g test of copolymer can provide some evidences for random copolymerization. According to the percents of monomers in the copolymer, T g of copolymer could be calculated by FOX equation (Eq. 1) [7, 8] .
Here W A and W B were the weight fractions of pDO and GA, respectively. T g,A was 257 K, the T g of PPDO , and T g,B was 309 K, the T g of PGA, respectively [9, 10] . The results showed that both T g testing value and T g calculation value of PDG were in a linear relation with percent of GA and both of value fell in between T g of PPDO and that of PGA (Fig.2) . It indicates that PGA and PPDO had the tendency to undergo random copolymerization while both of them were all semi-crystalline polymers. Flory considered that the melting point (T m ) of copolymer will decrease when less secondary monomer B was copolymerized with crystalline monomer A, and the rule of decrease T m is based on the following Eq. 2.
Where X A is the molar fraction of pDO in polymer, T m is the melting point of PDG, T m 0 is the equilibrium melting point. Theoretically, there is a linear relationship between 1/T m and lnX A. But the above-mentioned Flory formula was only established when less secondary monomer GA copolymerizes with pDO. When the amount of GA exceeded some value, the linear relationship between 1/T m and lnX A was not existence (Fig. 3) . The result may be attributed that much more GA formed PGA chain segment and formed crystalline structure different from PPDO crystalline structure simultaneously.
Nonisothermal Crystallization
The data of melt cooling crystallization (Table 2 ) revealed the crystallization rate of PPDO was faster than that of PDG. Furthermore, the crystallization performance of copolymers became worse and the crystallization time of copolymers increased with the increase of GA.
The decline of crystallization rate made PDG3 and PDG4 not to generate crystallization under such crystallization conditions and as a result there were no cooling crystallization peaks in DSC curves of PDG3 and that of PDG4. It should be attributed that the regularity of polymer chains was destroyed because of introduction of GA units to PPDO polymer chain and the crystallization ability of polymer was declined. 
Isothermal Crystallization
Isothermal crystallization of copolymer was studied by X-ray diffraction measurements. As shown in Table 3 , the addition of GA in polymer had influence on the polymer crystallinity and crystallization ability but hardly on the crystal size. The degree of crystallinity was decreased firstly and then increased with the increase of GA while the crystallization time was increased all the time. The reason was that regularity and symmetry of polymer chains were destroyed because of the introduction of GA. As a result, the crystallinity of copolymer was smaller than that of the PPDO homopolymer. But after the amount of GA in copolymer exceeded some value, the GA units would not only break the regularity of chain segment but also form new crystalline structure simultaneously. The -OCOCH 2 -unit of GA could form new regularity with itself or with the -OCOCH 2 -unit of pDO. Hence, the crystallinity of copolymer was increased slightly. 
CONCLUSION
In conclusion, the ring-opening copolymerization of pDO and GA initiated by stannous octoate-dodecanol system was carried out with the bonds broken of CH 2 -O in both pDO unit and GA unit. With the increase of the secondary monomer GA, T g of PDG copolymer was increased and T m of PDG copolymer was declined.
During the cooling crystallization, the crystallization enthalpy of copolymer and crystallization speed of copolymer was decreased with the increase of GA while crystallite sizes were almost no change.
